Introduction
Input-output (IO) analysis is first introduced by Leontief (1936) . It is a useful tool to study industry interdependency and economic structure. called the extended IO model (see Batey, Madden and Weeks, 1987; Batey and Rose, 1990) .
Another extension of traditional IO models is the Social Accounting Matrix (SAM) approach (see Pyatt, 1988) . Broader than the semi-closed IO model, the SAM approach extends the industry relations further to institution (firms, households and public sector ) relations. In IO models as well as the SAM approach, prices are assumed to be fixed. Based on the SAM database, the Computable General Equilibrium (CGE) model (see Dixon and Parmenter, 1996) further gets rid of the fixed-price assumption when modeling the behavior of different institutions.
It is clear that the semi-closed IO model is a model between the open IO model and its
other two extensions (SAM approach and CGE model) . This position provides the semi-closed IO model some flexibility in economic analysis. First, it is simpler and easier to implement than the SAM approach as well as the CGE model. Second, many limitations of the open IO model pointed out by SAM researchers have been overcome by working on extended IO models (See Batey and Rose, 1990) . Third, the semi-closed IO model can be expressed to be a clear analytical equation. This can help to check how an outcome of a dependent variable yield, especially when a surprising outcome occurred; it also makes it easy to carry out decomposition analyses, which will be introduced later in this study. On the contrary, it is difficult to derive an analytical equation for a variable of interest from the CGE model. Therefore, the numerical simulation have to be used when carrying out decomposition analyses based on the CGE model (see Jensen-IO model. Actually, the semi-closed IO model has been widely used by researchers in empirical studies, especially in policy analysis and impact analysis. In these studies, the effect of induced household consumption is usually one of the concerns, and the time horizon usually focuses on the medium-run or long-run to ensure the induced household consumption can release completely. For instance, in order to capture the effect of induced household consumption, Batey et al, (1993) and Yang et al, (2008) choose the semi-closed IO model to evaluate the socioeconomic impact of large-scale projects. Dietzenbacher and Günlük-Şenesen (2003) use the semi-closed IO model to assess changes in Turkish production structure and labor income between two periods with different policy strategies. They obtain some findings that cannot be detected with the open IO model, such as the dominance of public services in sectoral gross output multipliers. The application of semi-closed IO model is even more prevalent at a regional level. One important reason is that regional economies are more open than national economies, which reduces the importance of inter-industry linkages relative to the industry-household linkage (Trigg and Madden, 1994) . For instance, in the study on the region of Evros in Greece, Hewings and Romanos (1981) find that 50% of the important coefficients are related to the household sector; based on the interregional input-output analysis on the UK economy, McGregor et al (1999) find that the migration effect via the income-consumption relationship is more important than the spillover and feedback trade effect.
The structural decomposition analysis (SDA) is an important technique frequently used in input-output analysis. It can decompose a change in a variable of interest to the effects of the changes in its factors. Based on the decomposition results, researchers can analyze the contribution of each factor on the growth of the variable of interest. SDA is a useful tool to evaluate growth sources, so it has been applied to a wide range of topics. An extensive review of SDA and its early application can be found in Rose and Casler (1996) . For recent applications see Wolff (2006) , Kagawa et al. (2008) and Yamakawa and Peters (2011) . So far, however, to the best of our knowledge all SDA applications are based on the open IO model. Schuman (1994) deems that the reason why literatures on SDA exclusively rely on the open IO model is because decomposing a structural change to isolated clear-cut sources by using the semi-closed IO model is impossible. However, in this study we show that carrying out SDAs by using the semi-closed IO model is still possible.
Empirical studies have shown the importance to take into account the industry-household linkage in corresponding contexts. Since decomposing the semi-closed IO model is possible, then a question comes up. What are the differences between applying the semi-closed model and the open model in decomposition analyses? Actually, there are some potentials for the difference.
For instance, a change in domestic input coefficient matrix will cause a change in gross output via industry linkages. This is where the effect process ends in the context of an open IO model.
In the semi-closed IO model, however, this change in gross output will further cause a change in labor income and thus cause a change in household consumption. The change in household consumption will further generate a multiplier effect on the gross output. Hence, the decomposition results from both models should be different, but the magnitude of the difference is not obvious. Therefore, in this study we attempt to carry out SDAs by applying both the semiclosed and open IO model to examine the differences between them. Hopefully we can obtain some findings to better guide SDA applications in practice.
The remaining content of this paper is organized as follows. Section 2 introduces the open IO model and the semi-closed IO model. In section 3, we first give the decomposition formulae for the open IO model and the semi-closed IO model. Second, we apply them on Chinese IO tables to investigate the difference between the decomposition results yield from both models in details. Third, we extend our analysis to other countries to investigate the generality of the findings obtained from the Chinese IO tables. In section 4, we show the decomposition of sectoral household consumption growth which can only be done by using the semi-closed model. Section 5 concludes.
Models

The open input-output model
The traditional input-output model is usually expressed as the following form (see Miller and Blair, 2009) 
The semi-closed input-output model
In an economic system, households earn labor incomes from industries and spend them on the products produced by the industries in well patterned ways. Industries and households are connected together by this income-consumption relationship. The semi-closed input-output model (we call it semi-closed model in short) further takes into account this linkage between industries and households by endogenizing household consumption together with labor income.
It can expressed as the following form 1 : 
Compared to the open model, there are some new factors in the semi-closed model:
w : a labor compensation vector with the same dimension as x ; the labor compensation is referred to the total bill paid to workers, including compensation of employees and income of self-employed individuals. It is used to measure the labor income of household sector.
B : a diagonal matrix generated from a labor compensation coefficient vector
denotes the labor compensation per unit gross output of sector i.
r : the ratio between total household consumption and total labor compensation c : a consumption share coefficient vector measured by the consumption share of each sector in total household consumption.
Relative to the open model, the semi-closed model provides its factors an extra effect channel to the gross output, which works via the income-consumption relationship. For instance, the open model predicts that an increase in the export will cause an increase in the gross output via industry linkages. However, the semi-closed model argues that the labor income will also increase during this process, which will cause an increase in the household consumption and further generate an multiplier effect on the gross output. This extra effect on the gross output cannot be captured by the open model.
Since the semi-closed model takes into account more linkages than the open model, we may obtain different information if carrying out SDAs by using both models. Next, we turn to examining the differences between the decomposition results yield from the semi-closed model and the open model.
Decompose the open model and the semi-closed model
Our decomposition objects are gross output and labor compensation. For the gross output related variables (such as imports and gas emissions), they equal the multiplication of corresponding coefficients (such as import coefficients and gas emission coefficients) and the gross output.
Hence, for the decomposition of these gross output related variables, the decomposition of gross output is the core. For the labor compensation, although it is also a gross output related variable, the role of labor compensation coefficient in the semi-closed model differs from that in the open model. The labor compensation coefficient and the gross output are independent in the open model. In the semi-closed model, however, the labor compensation coefficient is a influencing factor of gross output. Considering this difference, we choose labor compensation as our second decomposition object.
Model reformulation
In the open model, the expression for gross output is given by Formula (1). It can be further expressed as:
is the total final demand; f f λ 1 = is a vector of final demand shares; α is the share of total household consumption in total final demand and ) 1 ( α − is the share of other final demand in total final demand; c again is the consumption share coefficient vector;
a vector of other final demand shares. Formula (3) distinguishes the structure effect and the scale effect on the gross output.
, consisting of structural factors,
gives the structure effect. We represent it as
The structure effect is further blew up by the exogenous volume λ to gross output x . As a scalar, λ gives the scale effect. It has an identical effect on the gross output of each sector, so when decomposing the gross output growth, we mainly focus on the decomposition of the structure effect x .
In the context of an open model, the sectoral labor compensation w can be expressed as
in Formula(4) gives the structure effect on the labor compensation. We represent it as w , namely ]
. Scalar λ gives the scale effect. In the same sense, when decomposing the labor compensation growth, we mainly focus on the decomposition of the structure effect w .
The expressions for the gross output and the labor compensation can be derived from the semi-closed model simultaneously. Formula (2) gives the solution. In the same way, Formula (2) can be further expressed to be
, which is our primary concern when decomposing the growth in the gross output and the labor compensation by using the semi-closed model. 
Under this decomposition form, (7.1)-(7.4), likewise, gives the effects of A , c , g and α ,
respectively. These two equivalent decompositions demonstrated in (6.1-6.4) and (7.1-7.4) are called the polar decompositions. Dietzenbacher and Los (1998) shows that the average of polar decompositions is very closed to the average of all equivalent decompositions. Thus, taking the geometric average of polar decompositions (6.1-6.4) and (7.1-7.4), we obtain the final decomposition results:
, the effects of L and A are equivalent.
Decompose the labor compensation growth
The growth of labor compensation during a period of interest can be expressed as 
Taking the geometric average of these polar decompositions, we obtain the effects of A , c , g , B and α on the structural growth of labor compensation:
When applying the SDA on a variable, it is usually assumed that the determinants of the variable are independent. In input-output analysis, however, for any sector the column sum of domestic input coefficients, import coefficient, labor compensation coefficient and other value added coefficient should equal 1. Due to this adding-up constraint, the domestic input coefficient matrix A and the labor compensation coefficient matrix B are not strictly independent. show that dependencies may cause a bias in the results of decomposition analyses. Nevertheless, the magnitude of the dependency between the column sums of A and B is uncertain. For instance, a change in the column sums of A is not necessarily caused by a change in the labor compensation; it can be absorbed by any of the factors in labor compensation coefficient, import coefficient and other value added coefficient. Therefore, we need to first check the correlation between the column sums of A and B in practice. If the correlation is not strong, then the dependency will not affect the accuracy of the decomposition formulae (8.1-8.5) and (9.1-9.5) to a large degree.
MSDA for the semi-closed model
In the context of a semi-closed model, the growth of gross output and labor compensation can be decomposed simultaneously. The growth of gross output and labor compensation during a period of interest can be expressed as Taking the geometric average of these polar decompositions, we can simultaneously obtain the effects of A , c , g , B and r on the structural growth of gross output and labor compensation.
The effect of r: Er
It is important to notice that the domestic input coefficient matrix A and the labor compensation coefficient matrix B are both factors of the semi-closed model. As we discussed before, they are not strictly independent. Therefore, the correlation check between A and B should also be done before we use decomposition formulae (10.1-10.5) and (11.1-11.5).
An application on Chinese input-output tables
Data description
We attempt to employ the MSDA to investigate the sources for sectoral gross output growth and are not available. In addition, our primary concern is on the differences between decomposing the semi-closed model and the open model, so it is not a crucial issue to use current price or constant price IO tables.
In Chinese IO tables, instead of labor compensation, only the compensation of employees is reported. Nevertheless, before 2004, the compensation of employees in Chinese IO tables also includes the income of self-employed individuals. Hence, the statistic scope for the compensation of employees in 1997 IO table is the same as the labor compensation we mentioned in this study. However, NBS changed the statistic scope for compensation of employees since 2004 (see Bai and Qian, 2010) . For agriculture sectors, the income of selfemployed individuals is still included in the compensation of employees, but the operating surplus of state-owned and collective-owned farms are accounted to compensation of employees as well. That is because obtaining detailed financial statements from these farms becomes more and more difficult. For non-agriculture sectors, however, the income of self-employed individuals is not accounted to compensation of employees any more. In this case, we need to make some adjustments on the compensation of employees in the 2007 IO table to obtain the labor compensation. To express the adjustment procedure efficiently, we first give some mathematical notations. In addition, in the IO models introduced in Section 2, the domestic and imported products are distinguished. However, the original IO tables published by NBS do not distinguish them, so we further split them by the frequently used proportional approach. Multiplying each row of the IO table with the "domestic product share in total domestic demand", we can obtain the domestic products consumed by production sector, household, government etc.. For sector i, its domestic product share in total domestic demand is defined as 
Correlation Check
As we mentioned before, the domestic input coefficient matrix A and the labor compensation coefficient matrix B are not strictly independent. If the decomposition formulae introduced in Section 3.2 and 3.3 are used, the accuracy of our decomposition results could be adversely affected by this dependency. Hence, in this part we check the magnitude of the correlation between the column sums of the domestic input coefficient matrix and the labor compensation coefficients.
According to the adding-up constraint, a change in any of the coefficients in the identity will be absorbed by the other coefficients. We calculate the changes in these coefficients for each sector during 1997-2007 and further calculate the correlation coefficient rbetween the changes in these coefficients 6 (see Table 1 ).
<Insert Table 1 here> Table 1 shows a quite strong negative correlation between the column sum of the domestic input coefficient matrix and the other value added coefficient. The correlation coefficient between them reaches -0.73. However, the correlation between the changes in other coefficients are quite weak. Especially for the column sum of the domestic input coefficient matrix and the labor compensation coefficient which cause the dependency issue of our decomposition formulae, the correlation coefficient between them is only -0.22. Hence, this weak correlation will not affect the accuracy of the decomposition formulae introduced in Section 3.2 and 3.3 to a large degree. Next, we will use these decomposition formulae to analyze the growth sources for the gross output and the labor compensation of China during 1997-2007.
Results and Findings
The . Table 2 is for the open model and Table 3 is for the semi-closed model.
<Insert Table2 here> <Insert Table3 here>
First, we compare the decomposition results yield from both models. Formula (12) is employed to measure the absolute relative difference (ARD) between the results yield from both models sector by sector. For the decomposition of gross output growth, Table 2 and Table 3 factors, so changes in them will cause increases and decreases in the gross output of different sectors at the same time; the former will further cause an increase in the labor compensation and the latter will cause a decrease in the labor compensation; Therefore, aggregating them together, the effect on total labor compensation will be weakened and could further induces an insignificant change in the household consumption; finally, the insignificant change in the household consumption will cause an insignificant extra effect on the gross output. Thus, for these factors, the semi-closed model and the open model yield very similar decomposition results.
Nevertheless, if focusing on the factors that only exist in the semi-closed model, we can still find some significantly different information from decomposing the semi-closed model. For instance, in Table 3 , the semi-closed model indicates that the labor compensation coefficients have negative effects on the gross output growth of all sectors. For sectors, such as agriculture sector (1), manufacture of food products and tobacco processing sector (6) and real estate sector Table 2 and Table 3 Table 2 shows a relatively large negative effect of B on the labor compensation of most sectors and thus a relatively large negative effect on the total labor compensation. In the semi-closed model, via the income-consumption relationship, this relatively large direct effect on the total labor compensation further generates an significantly extra effect on the labor compensation of each sector. Thus, we find a significantly different result with respect to factor B .
In addition, the decomposition results also show some knowledge on the growth sources of the gross output and labor compensation of China during 1997-2007. Since our decompositions are based on current price IO tables, it is important to notice that the decomposition results include the price effect as well and the growth in gross output and labor compensation is nominal growth. The decomposition results of the semi-closed model (Table 3) are used to analyze our findings about the growth sources.
For the gross output growth, electricity and heating power production and supply sector (23) benefits a lot from the change in domestic input coefficient matrix A. This means due to the change in A, industries need to expend more and more ( directly and indirectly) on electricity to produce 1 unit product in monetary form. Whereas, the domestic input coefficient matrix change has an significantly negative effect on art and craft and other manufacturing products sector For the labor compensation growth, as we mentioned previously, the labor compensation coefficients decreased widely during 1997-2007. Hence, Table 2 shows that the labor compensation coefficients have significantly negative effects on virtually all sectors. The maximum negative effect is on the gas production and supply sector (24) whose labor compensation coefficient decreased dramatically; the Public management and social administration sector (42) which experienced a significant increase in its labor compensation coefficient benefits most from the change in labor compensation coefficients. For factors A , c and g , as we mentioned before, their effects on labor compensation growth are equal to the effects on gross output growth.
Findings from other countries and regions
The MSDA application on Chinese IO tables shows that for the decomposition of gross output it is larger than the gross output. Thus, we do not report the results for these 4 countries.
<Insert Table 4 here> Take the geometric average of these two decompositions to obtain the effects of r , c , B , A and g : Table 5 here> In the semi-closed model, the factors A , r , B and g affect the sectoral household consumption by affecting the total labor compensation of the household sector. As only one household sector is incorporated in our semi-closed model, they have an identical effect on all sectors' consumption growth. Among these factors, Table 5 shows that B has a significantly negative effect. As mentioned before, this is caused by the widely deceased labor compensation coefficients during 1997-2007. r and g have slightly negative effects, whereas A has a slightly positive effect. If the household sector is further disaggregated into several different household sectors according to their different characteristics, the effects of these factors on different sectors will be different. The consumption share vector c has different effects on each sector. For instance, it has a quite large positive effect on petroleum processing, coking and nuclear fuel processing sector (11) and information communication, computer service and software sector (29). Although, the prices of these sectors are rising over time, the increasing popularity of household vehicles, cell phones and computers is probably an important reason for the considerable growth in the consumption of these sectors as well. The development of information communication meanwhile leads to a dramatic decrease in the demand on post, so we find a significantly negative effect on post sector(28). With the improvement of people's living standard, the share of textile goods (7) and agriculture goods (1) in total household consumption decreases and thus leads to a considerable negative effect on the consumption growth of these sectors.
Conclusion
The semi-closed model takes into account the industry-household linkage which works via the income-consumption relationship. Second, for the decomposition of labor compensation growth of China, both models yield significantly different results for the labor compensation coefficient matrix, which is one of the factors they have in common. The decomposition analyses for many other countries and regions also show this significant difference. Hence, for the decomposition analysis of labor compensation growth, if researchers believe that it is important to take into account the industryhousehold linkage, then the semi-closed model should be used.
Third, unlike the open model, the sectoral household consumption growth can be decomposed by using the semi-closed model. As only one household sector is incorporated in our semi-closed model, the decomposition results show that the changes in many factors such as the domestic input coefficient matrix have an identical effect on all sectors. Nevertheless, if the household sector is further disaggregated according to different characteristics such as income levels, the effects of these factors on different sectors could be different. Table 1 The correlation coefficients between the changes in some input-output coefficients (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) 1. The scale effect is 4.58 2. The labor compensation of sector 22 in 1997 is 0, so we do not report the result for sector 22. 3. E B * denotes the effect of B on the gross output growth; E B denotes the effect of B on the labor compensation growth. 2. We only report the results for sectors that provide consumption products.
